Facies Assessment
The sedimentary units yielding unambiguous pre-Ediacaran biomarkers (Table DR1 ) show a marked bias towards either shallow-water or mat associated facies. Of the 13 separate assemblages from 10 geological groups, one is from a mid-continent lacustrine sequence (the Nonesuch; Ojakangas et al., 2001) , two are from the evaporite-bearing Gillen Member of the marginal marine Bitter Springs Formation (Southgate, 1986; Walter et al., 1995) , and three are associated with unambiguously shallow water sedimentary structures and/or fossils: the Touirist with conspicuous microbial mat fabrics (Blumenberg et al., 2012) , the Neryuen with mat-forming filamentous microfossils and associated stromatolites, and the Kandyk, with associated subaerial mudcracks. In addition, the Kwagunt (Bohacs and Junium, 2005) and Velkerri (Warren et al., 1998) are locally characterized by anastomosing and discontinuous laminations characteristic of microbial mats -which may or may not be photosynthetic. The bituminous shales of the Kyalla Formation are interbedded with fine sandstone that shows grading, scouring, cross-lamination and dewatering structures, suggesting deposition on a shallow inner shelf (Jackson et al., 1988) . Fine scale fabrics of Xiamaling mudstones have not been described in the literature, but the presence of stromatolites within the formation attests to modest overall depth (Xiaoying et al., 2008) .
The interpretation of depositional environments in the Barney Creek Formation (BCF) is more ambiguous. Whereas some workers have inferred a shallow lacustrine, sabkha, shallow playa or nearshore lagoonal depositional setting for the BCF (e.g. Jackson et al., 1988) , others have interpreted it as accumulating in a sub-wave base, marine environment (e.g. Bull, 1998) . Either way, however, it is clear that the BCF was deposited in localized sub-basins only a few km across, making it likely that a large proportion of the flat-lying sediments was deposited within the photic zone. The organic matter in the BCF occurs in continuous, sub-millimetre planar-laminated layers that appear to be the remains of benthic microbial mats, and discrete bedding-parallel stringers that may represent transported mat fragments from proximal agitated shore facies (Bull, 1998) .
Methods
Interior/exterior experiments. To analyze concentration differences of hydrocarbons and other compounds between the exterior surfaces of a rock and its interior, all rock surfaces were trimmed using a clean precision wafering saw (Buehler Isomet 1000; blade thickness 340 m or 460 m). The combined surface material and the remaining rock core were separately crushed to powder, extracted and fractionated as described below.
Processing of rock samples. Rock samples were ultrasonicated in distilled water for 10 seconds to remove particulates, dried at room temperature and ground to > 200 mesh grain size in an alumina ring-mill. The mill was cleaned between samples by grinding annealed quartz sand two to three times for 60 seconds. Rock powder was extracted with dichloromethane (DCM) : methanol (9:1 v/v) with a Dionex Accelerated Solvent Extractor. The extracts were reduced to 100 l under a stream of purified nitrogen gas and separated into saturated, aromatic and polar fractions using column chromatography over 12 g annealed (450C/24 h) and dry-packed silica gel (Silica Gel 60; 230-400 mesh; EM Science). Saturated hydrocarbons were eluted with 1.5 dead volumes (DV) n-hexane, aromatic hydrocarbons with 2 DV n-hexane : DCM (1:1 v/v) and polars with 2 DV DCM : methanol (1:1 v/v). Added as internal standards were D 4 (d 4 -C 29 --ethylcholestane; Chiron Laboratories AS) to the saturated hydrocarbon fraction, and 18-methyleicosanoic acid methyl ester (18-MEAME) to the saturated and aromatic hydrocarbon fractions.
Gas chromatography-mass spectroscopy (GC-MS).
GC-MS analyses of the saturated and aromatic fractions were carried out on a Micromass AutoSpec Premier equipped with an Agilent 6890 gas chromatograph and a DB-5 capillary column (60 m x 0.25 mm i.d., 0.25 m film thickness) using He as carrier gas. The MS source was operated at 250ºC in EI-mode at 70 eV ionization energy and with 8000 V acceleration voltage. Hydrocarbon fractions were injected in pulsed splitless mode into a Gerstel PTV injector at a constant temperature of 300C. For full-scan and selected ion recording (SIR) experiments, the GC oven was programmed at 60ºC (2 min), heated to 315ºC at 4ºC/min, with a final hold time of 35 min. Hopane and sterane biomarkers were analyzed by metastable reaction monitoring (MRM) with a total cycle time of 1.3 s per scan for 25 metastable transitions. For MRM, the GC oven was programmed at 60ºC (2 min), heated to 100ºC at 8ºC/min, further heated to 315ºC at 4ºC/min and held at the final temperature for 34 min. The polar fraction was derivatized with N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) and analyzed using a Hewlett Packard Mass Selective Detector 5973 equipped with a HP6890 gas chromatograph and a DB-1 capillary column (60 m x 0.25 mm i.d., 0.25 m film thickness, J&W Scientific). Helium was used as a carrier gas at a constant flow of 1.7 ml/min. Extracts were injected on-column and the GC oven was programmed at 40ºC (4 min hold) to 150ºC at 10ºC/min, 150ºC to 310ºC at 4ºC/min, with a final hold time of 75 min.
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Pawlowska et al. 4 Table DR1 . Summary of pre-Ediacaran bitumen occurences and their relevant characteristics (figure numbers refer to Figure DR1 ). a) UCM: the number of '+' symbols signifies the size of the unresolved complex mixture relative to average non-biodegraded Phanerozoic bitumens (signal area of UCM relative to signal area of resolved chromatographic peaks). b) MMA: the number of '+' symbols signifies the abundance of monomethly alkanes (MMA) relative to average non-biodegraded Phanerozoic bitumens (signal intensity of MMA relative to signal intensity of corresponding n-alkanes). c) DMA: the number of '+' symbols signifies the abundance of dimethyl alkanes (DMA) relative to average non-biodegraded Phanerozoic bitumens (signal intensity of DMAs relative to signal intensity of corresponding MMAs). d) Bitumen facies 1 and 2 are extreme cases: 1 = isoprenoids, including pristane and phytane, are very low relative to n-alkanes and may be, in some cases, beneath detection limits; 2 = when compared to average non-biodegraded Phanerozoic bitumens, isoprenoid concentrations relative to n-alkanes are significantly elevated; 1/2 = isoprenoid levels fall between the two extreme cases. e) Contains aromatic steroids predominantly methylated at C4, possibly of methylotrophic bacterial origin. f) Jackson et al. (1999) g) The hydrocarbons extracted from sandstones of the Xiamaling Fm are reservoir bitumen (fossil oil pool) that occurs in very high absolute concentrations. We were not able to obtain original samples for a re-analyses of these hydrocarbons. However, based on very high absolute extract yields and absence of diagnostic Phanerozoic markers, we consider contamination with Phanerozoic petroleum products unlikely. A revised age for the Xiamaling Fm. was determined by Su et al. (2008) .
h) The Xiamaling bitumen is the residue of migrated petroleum. Age given by Su et al. (2008) . i) Pr and Ph are high, but possibly due to biodegradation of n-alkanes as this is a reservoir bitumen sample. j) For chromatogram, see Fig. 4 in Li et al. (2003) . k) Rooney et al. (2010) . l) Not shown as nearly identical to #7. m) Ojakangas et al. (2001) . n) Corresponds to sample NSS-589-41 in Hieshima (1992) . o) Hopanes were not detected in this particular sample, but were abundant and demonstrably indigenous in other Nonesuch rocks; however, even in samples with abundant hopanes, steranes were beneath detection limits. p) Donnellan (2008). q) Karlstrom et al. (2000) . r) Corresponds to sample #1095 in the PPRG collection. Abbreviations: n/a = data not available or not applicable; nd = not detected; ab. = abundant. The insets show a horizontal magnification of the region eluting between n-C 15 and n-C 16 highlighting the distribution of monomethyl alkanes (MMA) and dimethyl alkanes (DMA) (relative signal intensities are to scale). ly = lycopane,  = -carotane and  = -carotane, C x = n-alkanes with carbon number x;  = acyclic isoprenoids (i x ) with carbon number x; Pr = pristane; Ph = phytane; sq = squalane.
